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FLORA AND FLORISTIC AFFINITIES OF THE 
CERRADOS OF MARANHAO STATE, BRAZIL 


H. G. SiLva-MORAES!, I. CORDEIRO! & N. FIGUEIREDO? 


Cerrado vegetation is the main formation covering c.60% of the land surface of 
Maranhão, Brazil, with cerradão being the dominant physiognomy. To characterise the 
cerrado flora in Maranhão, 12 localities were selected across its distribution in the 
northeastern, central, southern and southeastern regions of the state. A total of 150 
angiosperm species were identified, distributed across 105 genera and 43 families. Twelve 
are new occurrences in Maranhão, and of these, four are also new records for Northeast 
Brazil. Two distinct floristic regions were recognised: the cerrados of the northeastern 
and central regions, and the cerrados of the southern region. Three subgroups were 
recognised in the southern region: cerrados of the highest altitudes, medium-altitude 
cerrados and cerrados of variable altitudes. Floristic comparisons with the Brazilian 
cerrados suggest that the medium-altitude southern cerrados of Maranhão are similar to 
those of the central region of Brazil, whereas the northeastern, central and southern 
highest-altitude regions form a distinct floristic group. 
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INTRODUCTION 


Owing to its extensive area of occurrence, the Cerrado biogeographical domain is 
characterised by a high diversity of vegetation types, especially in areas of contact with 
the surrounding domains, such as the Amazon, the Atlantic Forest, the Caatinga and 
the Pantanal (Ministério do Meio Ambiente, 2006). Furthermore, the Cerrado domain 
is considered a global biodiversity hotspot due to its rich biodiversity and the intense 
anthropogenic pressure that is drastically decreasing its original area (Myers et al., 
2000). Its flora is characterised by a wide regional variation in species composition 
(Ratter et al., 2003, 2011) and high species richness, estimated by Fernandes et al. 
(2016) at 13,140 vascular plant species. 

Maranhão State has a total area of 331,937 km?, of which 65% is occupied by 
cerrado vegetation (Sano et al. , 2008), with the cerradão (forested savanna) as the main 
physiognomy (Eiten, 1994). The cerrados of Maranhão represent the northernmost 
distribution of this biome in Brazil, and their extensive distribution across the state 
places them in contact with Amazon rain forest, restinga and caatinga (IBGE, 1984; 
Sano et al., 2009). The cerradão of Maranhão is physiognomically distinct from the 


l Instituto de Botánica, Caixa Postal 68041, 04045-972 São Paulo — SP, Brazil. 
? Departamento de Biologia, Universidade Federal do Maranhão, Avenida dos Portugueses, 1966, 65080- 
805 São Luís - MA, Brazil. Author for correspondence. E-mail: n.figueiredo@ufma.br 


2 H. G. SILVA-MORAES ET AL. 





cerradão of central Brazil and São Paulo State, because it is more open or savanna- 
like, whereas cerradão in the latter two areas is more closed or forested (Eiten, 1994). 
Floristically, species common in the Cerrado of central Brazil are replaced by other 
species belonging to the same genus in Maranhao. Examples include the substitution 
of Caryocar brasiliense Cambess. with C. coriaceum Wittm. and Dimorphandra mollis 
Benth. with D. gardneriana Tul. (Eiten, 1994). 

In Maranhão, the Cerrado domain is the domain most affected by vegetation cover 
loss, which is mainly driven by plantation of large soybean fields and, more recently, 
Eucalyptus. Between 2002 and 2008, cerrado areas in the state of Maranhão had the 
highest deforestation rate of any Brazilian state, resulting in the loss of approximately 
49,000 km? (equivalent to c.15%) of the cerrado (Ministério do Meio Ambiente, 2009). 

The few surveys of cerrado vegetation conducted in Maranhão to date have yet to 
produce a volume of floristic data comparable to that available for the cerrados of 
central Brazil, which have been intensively studied for much longer (e.g. Figueiredo 
& Andrade, 2007; Medeiros et al., 2008; Silva et al., 2008; Conceição & Castro, 
2009; Neres & Conceição, 2010). Furthermore, they are localised studies with different 
methodologies, leading to biased results and gaps in survey areas (Hortal et al., 2007). 
High degradation rates and incomplete knowledge of biodiversity make it difficult to 
establish conservation strategies (Oliveira et al., 2016), which are fundamental to the 
maintenance of cerrado. 

Here we describe a study, based on standardised surveys, of the woody species 
of the cerrado flora throughout 12 areas across Maranhão, and we evaluate floristic 
relationships with other cerrado areas in Brazil. 


MATERIALS AND METHODS 
Study area 


Maranhão State is located in an area of transition between three Brazilian 
macroregions, namely the North, Northeast and Central-West regions, and has climatic 
and phytogeographical characteristics typical of all of these. Maranhão is located 
between latitudes 01?09'11" and 10?18'22"S and longitudes 41?48'00" and 45°51'21”W, 
and has an area of 331,937 km? (IMESC, 2008; IBGE, 2014) (Fig. 1). 

The climate in Maranhão is transitional between the humid climate of the Amazon 
and the semiarid climate of the Northeast. The Maranhão climate varies from humid 
B2 (northern region) to humid B, (northwestern region) and from subhumid C; 
(central and northeastern regions) to dry subhumid C, (southern to southeastern 
regions of the state). Mean temperature varies between 22 and 27°C, and annual 
rainfall ranges from 800 to 2800 mm (Thornthwaite, 1948; IMESC, 2008). 

The relief is characterised by a plain that extends from the coast to the centre of the 
state, where it becomes narrower and, in the south-central region, is found alongside 
the branches of the Brazilian Central Plateau. Overall, the relief is characterised by 
a large plateau, with the altitude increasing from north to south. The mean elevation 
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Fic. 1. Map of Maranhão State. The cerrado biome areas sampled are highlighted. 


varies between 200 and 800 m in southern Maranhão and between 200 and 400 m in 
the central region, whereas it drops to sea level in the North and Northeast (Feitosa, 
2006). 

The vegetation cover consists mainly of Amazon forest in the western part of the 
state and on floodplains, with mangroves and restinga on the coast. The cerrado covers 
the entire southern region up to the Northeast, with cerradáo being the dominant 
physiognomy (IMESC, 2008) (see Fig. 1). 


Survey and data analysis 


Collections were made between 2010 and 2013 in 12 cerradão areas, using the multiple- 
plot method (Mueller-Dombois & Ellenberg, 1974). Four 10 m by 20 m (200 m?) plots 
were set up at each locality, systematically distributed 200 m apart, totalling a sampled 
area of 0.960 ha (see Fig. 1). All individuals with perimeter at ground level > 9 cm were 
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sampled. Additionally, random collections of fertile shrubs and trees occurring in the 
sampled areas were made. 

Botanical identification was achieved by reference to specialised literature, 
comparison with herbarium collections and digital images, and examination by 
specialists. Exsiccates were deposited in the herbarium of the Botanical Institute, Sao 
Paulo (SP), with duplicates in the herbarium of the Federal University of Maranhão 
(MAR). Taxonomic classification was based on the Angiosperm Phylogeny Group 
system (Angiosperm Phylogeny Group, 2009). 

Based on their distribution ranges, species were classified as Neotropical (occurring 
in both Brazil and other South and Central American or Caribbean countries), South 
American (occurring in two or more South American countries), Brazilian (endemic to 
Brazil, occurring in two or more regions) or regional (endemic to northeastern Brazil). 
Distribution data were obtained from the List of Species of the Brazilian Flora (Lista 
de Espécies da Flora do Brasil) (Flora do Brasil, 2020 under construction), the Virtual 
Herbarium of Brazilian Flora and Fungi (Herbario Virtual da Flora e Fungos do 
Brasil) of the National Science and Technology Institute (Institutos Nacionais de Cién- 
cia e Tecnologia) (INCT, no date) and Tropicos (Missouri Botanical Garden, no date). 

Species names used in the data matrix were reviewed and updated to avoid the 
use of non-accepted names and synonyms. This was based on the Tropicos database 
(Missouri Botanical Garden, no date) and the List of Species of the Brazilian Flora 
(Flora do Brasil, under construction). Only Maranhão species unreferenced in either 
database were considered as new occurrences. 

Analysis of the floristic data was characterised by two distinct approaches: first, an 
evaluation of the floristic position of the Maranhão vegetation relative to other cerrado 
areas in Brazil; and second, an analysis of the floristic regions throughout the cerrado 
in Maranhão. 

Data analysis was based on a binary data matrix with presence or absence data for 
species sampled in our survey and those recorded by Ratter et al. (2011) for 367 cerrado 
areas in Brazil (Royal Botanic Garden Edinburgh, no date). 

Sites with fewer than 10 species occurences (n = 47) were removed to avoid the 
intrinsic noise that species-poor sites or incomplete sampling usually adds (Pennington 
et al., 2016). The resulting matrix consisted of 886 species and 332 sites. 

Analyses were run in the R Statistical Environment, version 3.2.1, using the Vegan 
package (Oksanen et al., 2017) and the Recluster package (Dapporto et al., 2013). 
Floristic relationships were analysed with cluster analysis and the unweighted pair- 
group method with arithmetic mean (UPGMA), with distances calculated using the 
Simpson dissimilarity index. This index is less affected by variation in species richness 
than other measures (Baselga, 2010), and our data set varied from 10 to 212 species 
per site. The index (f sim) calculates the distance between pairs of sites: 8 sim = 1 — 
JJ + min (A, B)], where A and B are the numbers of species unique to each site, and 
J is the number of species common to both sites (Pennington et al., 2016). 

Hierarchical clusters convert dissimilarity matrices into bifurcated dendrograms 
and provide a useful tool to facilitate regionalisation of communities. Bifurcations 
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also occur when an area shows intermediate dissimilarities between others, as 
expected when different sources contribute elements to matrix (Dapporto et al., 
2013). Furthermore, the Simpson index enhances the frequency of tied cell values 
(equal similarity for two or more areas) and zero values. When tied values occur in 
distance matrices, several solutions are possible at each bifurcation step of hierarchical 
clustering. As a consequence, the number of different output trees is related to the 
number of tied values produced, causing the resulting tree and bootstrap support 
values to be affected by the order of areas (rows) in the original database. Cluster 
analysis perfomed by the Recluster package generates 10,000 trees by resampling the 
order of sites in the original dissimilarity matrix to construct a 50% consensus tree. 
The resulting tree is unaffected by original row order (Dapportto et al., 2013). 

To investigate relationships between the floristic groups identified by the overall 
cluster analysis, the species lists for each group at 30% dissimilarity were pooled into a 
single list and new cluster analyses on a species x floristic group matrix were performed 
successively. 

Owing to the high heterogeneity of the cerrado samples, the unity of each floristic 
region was interpreted based on the number and geographical location of the sites and 
according to bootstrap analysis (> 50% node support). 

Cluster analysis was performed for both 34 Maranhão cerrado sites and for all 332 
Brazilian cerrado sites. The geographical locations of sampled sites were mapped using 
the QGIS 2.16.1 software (QGIS Development Team, 2018) and Google Earth Pro 
(Pereira et al., 2018). 


RESULTS 


The floristic richness recorded in the 12 sampled areas was 150 species, distributed 
across 43 families and 105 genera (Table 1). The nine most species-rich families 
were Fabaceae (29 species); Bignoniaceae and Malpighiaceae (10 species each); 
Annonaceae, Erythroxylaceae, Myrtaceae and Vochysiaceae (6 species each); and 
Malvaceae and Salicaceae (5 species each). Together, species in these families 
comprised 55% of the species sampled. 

A total of 12 new occurrences were recorded for Maranhão (Table 2 and Fig. 2). 
Among the new records were Duguetia rotundifolia R.E.Fr. (Fig. 2E), recorded for 
the first time since the type specimen was collected in Goias state, and Heteropterys 
pannosa Griseb. (Fig. 2H), Manihot violacea Pohl (Fig. 2K) and Mouriri densifoliata 
Ducke (Fig. 2L), new occurrences in the Northeast region. 

Most species sampled in this study have wide geographical distributions (75%). A 
total of 23 species are Neotropical, 87 occur in two or more South American countries, 
29 are endemic to two or more Brazilian regions and 5 are endemic to the Northeast. 

A total of 886 species in the data matrix were used for the analysis of floristic 
similarity. Of these, 50 were identified exclusively in this study (not recorded in the 
original data matrix). 
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TABLE 1. List of species from the 12 cerrado localities in Maranhão State sampled in the 
present study, with their respective areas of occurrence and vouchers 








Areas of occurrence 








South 

Species Neotropical America Brazil Regional Voucher 

ANACARDIACEAE 

Anacardium microcarpum Yes H. G. Silva 196 
Ducke. 

Anacardium occidentale L. Yes H. G. Silva 188 

Astronium fraxinifolium Schott Yes H. G. Silva 247 
ex Spreng. 

ANNONACEAE 

Annona coriacea Mart. Yes H.G. Silva 214 

Annona crassiflora Mart. Yes H. G. Silva 241 

Annona cf. exsucca DC. ex Yes H.G. Silva 59 
Dunal* 

Annona sericea Dunal* Yes H. G. Silva 248 

Duguetia rotundifolia R.E.Fr.* Yes H. G. Silva 236 

Xylopia aromatica (Lam.) Yes H. G. Silva 96 
Mart. 

APOCYNACEAE 

Aspidosperma macrocarpon Yes H.G. Silva 28 
Mart. 

Aspidosperma tomentosum Yes H. G. Silva 230 
Mart. 

Hancornia speciosa Gomes Yes H.G Silva 52 

Himatanthus drasticus (Mart.) Yes H. G. Silva 30 
Plumel* 

BIGNONIACEAE 

Adenocalymma validum Yes H.G. Silva 75 
(K.Schum.) L.G.Lohmann* 

Cybistax antisyphilitica (Mart.) Yes H.G Silva 68 
Mart. 

Fridericia platyphylla (Cham.) Yes H.G. Silva 10 
L.G.Lohmann* 

Handroanthus ochraceus Yes H. G. Silva 178 
(Cham.) Mattos 

Handroanthus serratifolius Yes H.G. Silva 132 
(Vahl) S.O.Grose 

Jacaranda praetermissa Yes H. G. Silva 244 
Sandwith* 

Stizophyllum riparium (Kunth) Yes H. G. Silva 249 
Sandwith* 

Tabebuia aurea (Silva Manso) Yes H. G. Silva 183 
Benth. & Hook.f. ex S.Moore 

Tabebuia roseoalba (Ridl.) Yes H. G. Silva 126 
Sandwith 


Zeyheria montana Mart. Yes H.G Silva 148 
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TABLE 1. (Continued) 








Species 


BIXACEAE 
Cochlospermum regium 
(Schrank) Pilg.* 


BURSERACEAE 

Protium heptaphyllum (Aubl.) 
Marchand 

Tetragastris altissima (Aubl.) 
Swart 


CALOPHYLLACEAE 

Kielmeyera coriacea Mart. & 
Zucc. 

Kielmeyera petiolaris Mart. & 
Zucc. 


CARYOCARACEAE 
Caryocar coriaceum Wittm 


CELASTRACEAE 

Cheiloclinium cognatum 
(Miers) A.C.Sm. 

Salacia crassifolia (Mart. ex 
Schult.) G.Don 


CHRYSOBALANACEAE 

Couepia grandiflora (Mart. & 
Zucc.) Benth. ex Hook. 

Exellodendron cordatum 
(Hook.f.) Prance 

Hirtella ciliata Mart. & Zucc. 


COMBRETACEAE 
Combretum vernicosum Rusby 
Terminalia fagifolia Mart. 


* 


CONNARACEAE 

Connarus suberosus var. fulvus 
(Planch.) Forero 

Rourea induta Planch. var. 
induta 

Rourea induta var. reticulata 
(Planch.) Baker* 


DILLENIACEAE 

Curatela americana L. 

Davilla angustifolia A.St.-Hil.* 

Davilla cearensis Huber* 

Davilla grandiflora A.St.-Hil. & 
Tul. 


Areas of occurrence 





South 
Neotropical America Brazil Regional Voucher 


Yes H. G. Silva 58 
Yes H.G Silva 129 
Yes H.G. Silva 142 
Yes H.G. Silva 221 
Yes H.G Silva 211 
Yes H.G. Silva 45 
Yes H.G Silva 121A 
Yes H.G. Silva 215 
Yes H. G. Silva 246 
Yes I.Cordeiro 3486 
Yes H.G.Silva 186 
Yes H.G. Silva 80 
Yes H.G. Silva 172 
Yes H.G Silva 176 
Yes H.G Silva 217 
Yes H.G. Silva 252 
Yes H.G Silva 181 
Yes H.G Silva 141 
Yes H.G Silva 17 
Yes H.G Silva 157 
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TABLE 1. (Continued) 








Areas of occurrence 








South 

Species Neotropical America Brazil Regional Voucher 

EBENACEAE 

Diospyros hispida A. DC. Yes H.G. Silva 111 

ERYTHROXYLACEAE 

Erythroxylum barbatum Yes H. G. Silva 91 
O.E.Schulz* 

Erythroxylum campestre Yes H. G. Silva 202 
A.St.-Hil.* 

Erythroxylum deciduum Yes H. G. Silva 88 
A.St.-Hil. 

Erythroxylum engleri Yes H. G. Silva 46 
O.E.Schulz 

Erythroxylum suberosum Yes H. G. Silva 251 
A.St.-Hil. 

Erythroxylum subglaucescens Yes H.G. Silva 121 
Peyr. ex O.E.Schulz* 

EUPHORBIACEAE 

Mabea fistulifera Mart. Yes H. G. Silva 167 

Manihot caerulescens Pohl Yes H. G. Silva 9 
subsp. caerulescens 

Manihot violacea Pohl* Yes H. G. Silva 213 

Maprounea guianensis Aubl. Yes H. G. Silva 35 

FABACEAE 

Andira vermifuga (Mart.) Yes H. G. Silva 206 
Benth. 

Bauhinia cupulata Benth. Yes H. G. Silva 124 

Bauhinia subclavata Benth. * Yes H. G. Silva 130A 

Bauhinia tenella Benth. Yes H. G. Silva 60 

Bowdichia virgilioides Kunth Yes H. G. Silva 79 

Calliandra dysantha Benth. * Yes H. G. Silva 03 

Copaifera coriacea Mart. Yes H.G. Silva 171 

Copaifera langsdorffii Desf. Yes H. G. Silva 137 

Copaifera marginata Benth. Yes H. G. Silva 190 

Dalbergia miscolobium Benth. Yes H. G. Silva 232 

Dimorphandra gardneriana Tul. Yes H. G. Silva 100 

Dioclea sclerocarpa Ducke.* Yes H. G. Silva 32 

Hymenaea courbaril L. var. Yes H. G. Silva 139 
courbaril* 

Hymenaea stigonocarpa vat. Yes H. G. Silva 160 


pubescens Benth.* 
Leptolobium dasycarpum Vogel Yes H. G. Silva 238 
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TABLE 1. (Continued) 





Areas of occurrence 








South 

Species Neotropical America Brazil Regional Voucher 

Lonchocarpus cf. cultratus Yes H. G. Silva 136 
(Vell.) A.M.G.Azevedo & 
H.C.Lima* 

Machaerium acutifolium Vogel Yes H. G. Silva 08 

Parkia platycephala Benth. Yes H. G. Silva 76 

Pityrocarpa moniliformis Yes H. G. Silva 06 
(Benth.) Luckow & 
R.WJobson 

Plathymenia reticulata Benth. Yes H. G. Silva 193 

Poecilanthe cf. subcordata Yes H. G. Silva 134 
Benth.* 

Pterodon emarginatus Vogel* Yes H. G. Silva 229 

Senna gardneri (Benth.) Yes H.G Silva 81 
H.S.Irwin & Barneby* 

Senna velutina (Vogel) Yes I. Cordeiro 3479 
H.S.Irwin & Barneby 

Stryphnodendron coriaceum Yes H. G. Silva 44 
Benth. 

Stryphnodendron rotundifolium Yes H. G. Silva 173 
Mart. 

Tachigali rubiginosa (Mart. ex Yes H. G. Silva 208 
Tul.) Oliveira-Filho 

Tachigali subvelutina (Benth.) Yes H. G. Silva 205 
Oliveira-Filho 

Vatairea macrocarpa (Benth.) Yes H.G. Silva 212 
Ducke 

ICACINACEAE 

Emmotum nitens (Benth.) Yes H.G. Silva 114 
Miers 

LAMIACEAE 

Vitex degeneriana Moldenke* Yes H. G. Silva 180 

Vitex rufescens A Juss.* Yes H. G. Silva 233 

LECYTHIDACEAE 

Eschweilera nana (O.Berg) Yes H. G. Silva 165 
Miers 

Lecythis lurida (Miers) Yes H.G.Silva 29 
S.A.Mori* 

LOGANIACEAE 

Antonia ovata Pohl Yes H. G. Silva 153 

LyTHRACEAE 


Lafoensia pacari A.St.-Hil.* Yes H. G. Silva 169 
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TABLE 1. (Continued) 








Areas of occurrence 





South 

Species Neotropical America Brazil Regional Voucher 

MALPIGHIACEAE 

Byrsonima correifolia A. Juss. Yes H.G Silva 57 

Byrsonima crassifolia (L.) Yes H.G Silva 38 
Kunth 

Byrsonima oblongifolia A Juss. Yes H.G. Silva 01 

Byrsonima pachyphylla A.Juss.* Yes H.G. Silva 147 

Byrsonima rotunda Griseb.* Yes H.G Silva 55 

Byrsonima subterranea Brade & Yes H.G. Silva 56 
Markgr.* 

Diplopterys pubipetala (A Juss.) Yes H.G. Silva 113 
W.R.Anderson & C.Davis* 

Heteropterys intermedia Yes H.G. Silva 117 
(A Juss.) Griseb.* 

Heteropterys pannosa Griseb.* Yes H.G. Silva 05 

Niedenzuella acutifolia (Cav.) Yes H.G. Silva 184 
W.R.Anderson* 

MALVACEAE 

Guazuma ulmifolia Lam. Yes H.G. Silva 127 

Luehea cf. divaricata Mart. & Yes H.G Silva 65 
Zucc. 

Mollia lepidota Spruce ex Yes H.G Silva 16 
Benth.* 

Pavonia malacophylla (Link & Yes I. Cordeiro 3312 
Otto) Garcke* 

Pseudobombax longiflorum Yes H.G. Silva 145 
(Mart. & Zucc.) A.Robyns 

MELASTOMATACEAE 

Miconia albicans (Sw.) Steud. Yes H.G. Silva 104 

Miconia ferruginata DC. Yes H.G. Silva 175 

Mouriri densifoliata Ducke* Yes H.G. Silva 225 

Mouriri pusa Gardner Yes H.G. Silva 168 

MYRISTICACEAE 

Virola subsessilis (Benth. ) Yes H. G. Silva 222 
Warb. 

MYRTACEAE 

Eugenia punicifolia (Kunth) Yes H.G. Silva 185 
DC. 

Eugenia stictopetala DC.* Yes H.G. Silva 162 

Myrcia guianensis (Aubl.) DC. Yes H.G. Silva 99 

Myrcia splendens (Sw.) DC. Yes H.G Silva 07 

Myrcia tomentosa (Aubl. DC. Yes H.G. Silva 47 


Psidium myrsinites DC.* Yes H.G. Silva 191 
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TABLE 1. (Continued) 








Areas of occurrence 





Species Neotropical 


NYCTAGINACEAE 
Guapira campestris (Netto) 
Lundell* 


OCHNACEAE 
Ouratea hexasperma 
(A.St.-Hil.) Baill. 


OLACACEAE 
Heisteria ovata Benth. 


OPILIACEAE 
Agonandra brasiliensis Miers ex 
Benth & Hook.f. 


POLYGONACEAE 
Coccoloba mollis Casar. Yes 


PROTEACEAE 
Roupala montana Aubl. 


RHAMNACEAE 
Rhamnidium elaeocarpum 
Reissek 


RUBIACEAE 

Cordiera obtusa (K.Schum.) 
Kuntze 

Guettarda viburnoides Cham. & 
Schltdl. 

Palicourea rigida Kunth 

Tocoyena formosa (Cham. & 
Schltdl.) K.Schum. 


RUTACEAE 
Spiranthera odoratissima A. 
St.-Hil.* 


SALICACEAE 
Casearia commersoniana Yes 
Cambess. 
Casearia grandiflora Cambess. Yes 
Casearia javitensis Kunth Yes 
Casearia mariquitensis Kunth* Yes 
Xylosma ciliatifolia (Clos) 
Eichler* 


SAPINDACEAE 
Magonia pubescens A.St.-Hil. 
Matayba guianensis Aubl. 


South 


America Brazil 


Yes 


Yes 


Yes 


Yes 


Yes 


Yes 


Yes 
Yes 


Yes 


Yes 


Yes 
Yes 


Yes 


Yes 


Voucher 


H.G Silva 219 


H.G. Silva 13 


H. G Silva 93 


H. G. Silva 195 


H. G. Silva 130 


H. G. Silva 125 


H. G. Silva 123 


H. G. Silva 26 


H.G. Silva 138 


H. G. Silva 237 
H. G. Silva 235 


H. G. Silva 163 


H. G Silva 48 


H. G. Silva 78 
H.G. Silva 37 
H. G. Silva 23 
H.G. Silva 116 


I.Cordeiro 3276 
H.G.Silva 19 
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TABLE 1. (Continued) 








Areas of occurrence 





South 

Species Neotropical America Brazil Regional Voucher 

SAPOTACEAE 

Chrysophyllum arenarium Yes H. G. Silva 63 
Allemão 

Pouteria glomerata (Miq.) Yes H. G. Silva 161 
Radlk.* 

Pouteria ramiflora (Mart.) Yes H.G Silva 156 
Radlk. 

Pouteria reticulata (Engl.) Yes H.G. Silva 105 
Eyma* 

SIMAROUBACEAE 

Simaba aff. ferruginea Yes H. G. Silva 234 
A.St.-Hil. 

Simarouba amara Aubl. Yes H. G. Silva 107 

Simarouba versicolor A.St.-Hil. Yes H.G. Silva 194 

SIPARUNACEAE 

Siparuna guianensis Aubl. Yes H. G. Silva 140 

VERBENACEAE 

Lippia origanoides Kunth* Yes H.G. Silva 73 

VOCHYSIACEAE 

Callisthene fasciculata Mart. Yes H.G. Silva 122 

Qualea grandiflora Mart. Yes H. G. Silva 102 

Qualea parviflora Mart. Yes H. G. Silva 227 

Salvertia convallariodora Yes H. G. Silva 77 
A.St.-Hil. 

Vochysia gardneri Warm. Yes H.G. Silva 146 

Vochysia rufa Mart. Yes H.G. Silva 177 








*Species not listed in the Ratter et al. (2011) survey. 


The resulting consensus tree from the database of the 332 cerrado vegetation sites 
indicates the occurrence of six floristic regions (Fig. 3). The first floristic region (i) 
covers the so-called ‘cerrado core’ or central region of the cerrado; it comprises 
samples located in the states of Mato Grosso do Sul, Mato Grosso, the central part 
of Rondônia, Goiás, Distrito Federal, Minas Gerais, the west-central part of Bahia, 
Tocantins, the south of Piaui, Ceara, southern Para and southern Maranhao. The 
second floristic region (ii) comprises the cerrado of São Paulo, Paraná, southern Minas 
Gerais and the southwestern part of Goiás. The third floristic region (iii) comprises 
the central-southern part of Rondônia and one unexpected area in the southeast 
of Maranhão. The fourth floristic region (iv) is where the main divergence of the 
cerrado floristic regions proposed by Ratter et al. (2011) occurs, with the inclusion of 
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TABLE 2. New species occurrences for the cerrado of Maranhão and its distributions in Brazil 








Species Distributions in Brazil? 


Byrsonima subterranea Brade & Markgr. North, Northeast (BA, MA), Central-West, 
Southeast and South 


Calliandra dysantha Benth. Northeast (BA, MA, PI), Central-West, Southeast 
and South 

Davilla angustifolia A.St.-Hil. Northeast (BA, MA), Central-West, Southeast 
and South 

Davilla grandiflora A.St.-Hil. & Tul. North, Northeast (BA, MA, PE, PI), Central-West 
and Southeast 

Duguetia rotundifolia R.E.Fr. Northeast (MA) and Central-West (GO) 

Eugenia stictopetala DC. North, Northeast (BA, CE, MA, PI), 
Central-West and Southeast 

Guapira campestris (Netto) Lundell Northeast (BA, MA, PI), Central-West and 
Southeast 

Heteropterys intermedia (A Juss.) Griseb. | Northeast (BA, MA), Southeast and South 

Heteropterys pannosa Griseb. North, Northeast (MA), Central-West, Southeast 
and South 

Kielmeyera petiolaris Mart. & Zucc. Northeast (BA, MA), Central-West and Southeast 

Manihot violacea Pohl Northeast (MA), Central-West and Southeast 

Mouriri densifoliata Ducke North and Northeast (MA) 








BA, Bahia; CE, Ceara; GO, Goiás: MA, Maranhão; PE, Pernambuco; PI, Piauí. 
à New occurrences for Maranhão and the Northeast are in bold. 


low-altitude cerrado samples from the centre and northeast of Maranhão as well as 
samples from the highest altitudes in the southern part of the state. The last two floristic 
regions cover the disjunct Amazonian cerrados: the fifth (v) includes samples from 
northern Pará, Amazonas and Amapá and the central region of Roraima; and the 
sixth (vi) comprises samples from northern Pará and northern Roraima (in addition 
to isolated samples from Amazonas). 

According to the analysis of similarity, the cerrado vegetation of the southern 
region of Maranhão is floristically more similar to the cerrado of Central-West 
Brazil, whereas the northeastern, central and southernmost areas of cerrado in 
Maranhao form an isolated group that is distinct from the other formations (see 
Fig. 3). 

Cluster analysis of the 34 Maranhão cerrado sites showed two floristic regions at 
different altitudes (Fig. 4): 1) the low-altitude cerrados of the northeastern and central 
regions of the state (between 70 and 270 m in altitude), and ii) cerrados of higher 
altitudes in the southern region. In the southern region, three subgroups were defined: 
li.a) the cerrado of the southern part of the state occurring at the highest altitudes 
(> 500 m); ii.b) cerrado vegetation of medium altitudes, occurring between 300 and 
450 m, with two disjunct formations; and 11.c) cerrado vegetation occurring at various 
altitudes ranging from 260 to 500 m (see Fig. 4). 
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Fic. 2. New species occurrences for Maranhão State. A, Byrsonima subterranea Brade & 
Markgr.; B, Calliandra dysantha Benth.; C, Davilla angustifolia A.St.-Hil.; D, Davilla grandiflora 
A.St.-Hil. & Tul.; E, Duguetia rotundifolia R.E.Fr.; F, Eugenia stictopetala DC.; G, Guapira 
campestris (Netto) Lundell; H, Heteropterys pannosa Griseb.; I, Heteropterys intermedia 
(A Juss.) Griseb.; J, Kielmeyera petiolaris Mart. & Zucc.; K, Manihot violacea Pohl; L, Mouriri 
densifoliata Ducke. (Photographs: H. G. Silva-Moraes.) 


DISCUSSION 


The species richness identified in this study (150 species) is high compared with other 
studies conducted in cerrados with similar sample sizes (i.e. 1 ha). For example, 82 
species were recorded in Mato Grosso by Costa et al. (2010); 92 species in Minas Gerais 
by Otoni et al. (2013); and 70 and 81 species in Maranhão by Silva et al. (2008) and 
Conceição & Castro (2009), respectively. 
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Fic. 3. Floristic similarity obtained from consensus tree (unweighted pair-group method with arithmetic mean) using the Simpson similarity index 
from the database of 332 Brazilian cerrado vegetation sites. Bootstrap values are provided on each node. The first floristic region (i) covers the central 
region of the cerrado: Bahia (BA), Ceará (CE), Distrito Federal (DF), Goiás (GO), Maranhão (MA), Minas Gerais (MG), Mato Grosso do Sul 
(MS), Mato Grosso (MT), Pará (PA), Piauí (PI), Rondônia (RO) and Tocantins (TO). The second region (ii) corresponds to GO, MG, Parana (PR) 
and São Paulo (SP). The third region (iii) corresponds to RO and one unexpected area in the southeast of MA. The fourth region (iv) represents 
the low-lying cerrado together with that of the highest altitudes in MA. The final floristic regions (v and vi) cover the disjunct Amazonian cerrados: 
the fifth region (v), PA, Amazonas (AM), Amapa (AP) and the central region of RO; and the sixth region (vi), northern PA and northern RO (in 
addition to isolated samples from Amazonas). 
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Fic. 4. Floristic similarity obtained from consensus tree (unweighted pair-group method with arithmetic mean) using the Simpson similarity index 
with the 34 Maranhão cerrado sites. Bootstrap values are provided on nodes. (1) The low-altitude cerrados of the northeastern and central regions of 
the state (70—270 m). (11) The cerrado of higher altitudes in the southern region, with three subgroups: (ii.a) cerrado vegetation of medium altitudes 
(300—450 m), with two disjunct formations, namely, (ii.b) the highest altitude (> 500 m) cerrado of the southern part of the state, and (ii.c) cerrado 
vegetation occurring at varied altitudes (260—500 m). 
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However, different inclusion criteria were used in those studies, making comparisons 
of species richness more difficult. The wide distribution of sample points throughout 
Maranhão, as in this study, is most likely the main driver of the high diversity detected. 
Even when compared with broader studies, such as that of Solorzano et al. (2012), in 
which 308 species were recorded in six cerradão areas of 1 ha each distributed over 
six states in the marginal and core areas of the Cerrado biome, the number of species 
identified in our survey is still quite impressive. 

Fabaceae was the most species-rich family, confirming previous findings in other 
Brazilian cerrado areas (Costa et al., 2010; Camilotti et al., 2011; Bueno et al, 
2013). Fabaceae and Malpighiaceae have wide distributions in the cerrado, ranging 
from grasslands to forest formations (Batalha & Mantovani, 2001; Medeiros et al., 
2008). Byrsonima and Erythroxylum, both with six species each, were among the most 
common genera occurring in cerrados in Minas Gerais in the survey by Otoni et al. 
(2013). Furthermore, according to the surveys by Ratter et al. (2003), Byrsonima is 
one of the most representative genera for the cerrado. 

From a total of 12 species recorded for the first time in Maranhão, only Byrsonima 
subterranea Brade & Markgr. was identified in the northeast of the state. The other 
species were recorded in the central and southern regions, where other studies on the 
Cerrado have been conducted by Eiten (1994), Figueiredo & Andrade (2007) and 
Ratter et al. (2003). The records of new occurrences in well-studied areas confirms 
our expectation that local diversity is not well evaluated and that new records for the 
cerrado flora in Maranhão may be found in the future. 

The consensus tree resulting from the cluster analysis (UPGMA) of the 332 sites 
sampled for the Brazilian cerrado is very similar to the result obtained by Ratter et al. 
(2011), with the main divergence being in the fourth floristic region, which includes the 
vegetation of low altitudes in the northeastern and central regions of Maranhão as well 
as samples of the highest altitude cerrados in the southern part of the state, creating 
an isolated floristic group. These cerrado areas had not previously been surveyed and 
include 50 new species additions to the cerrado database of Ratter et al. (2011). 

Although the original data matrix contained 22 samples of cerrado in Maranhão, 
which is fairly extensive, these sampled areas were all concentrated in the southern 
cerrado formations, very close to each other and with little representation of 
the floristic diversity of cerrado (see Fig. 4). The cerrado in Maranhão occurs at 
increasing altitudes, ranging from 40 m in the northeastern region to 800 m in the 
southern region (Feitosa, 2006), and our 12 sampled areas were selected to represent 
vegetation in the main altitude classes throughout the state. Spatially biased sampling 
(‘Wallacean Shortfall’; Hortal et al., 2015) strongly affects estimates of species richness, 
composition and endemism and is one of the main causes of shortfall in biodiversity 
(Oliveira et al., 2016). 

Some differences that were observed in comparison with the floristic groups 
established by Ratter et al. (2011) can probably be explained by the use of different 
methodologies and the criteria used for site and species selection, as well as the species 
new to Maranhão that were added to the database. Furthermore, our comparison 


18 H. G. SILVA-MORAES ET AL. 





between cerrado areas does not represent a biogeographical approach to the cerrado 
of Brazil, but rather an overview of the floristic position of the cerrado of Maranhao 
relative to other cerrado areas. 


CONCLUSIONS 


e The cerrado in Maranhão occurs in very diversified environments, with great 
variations in altitude that are indicators of this environmental heterogeneity, 
resulting in characteristic floristic groups at different altitudes. 

* This floristic variation in the cerrado of Maranhão is reflected in comparisons with 
other cerrado areas in the country, with the mid-altitude cerrados of the southern 
region presenting a greater similarity with the cerrado of central Brazil (the ‘core 
area’ of cerrado), whereas the cerrados from other altitudes form an isolated group. 

* Biodiversity assessments need to consider the existing environmental variation and 
the consequent heterogeneity of these cerrado formations, ensuring that there is no 
spatial bias. 

e Finally, the authors support the initiative of Ratter et al. (2003) to make the database 
of the cerrado of Brazil widely available, without which the present work would 
have been limited. Data from Maranhão will be made available after the planned 
publications have been completed, and we encourage other authors to use this 
database as a basis for their studies, and/or to make their data available after 
publication to provide further comparable and representative information. 
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